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Principles of Interferometry
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Interferometer

From Star From Star

Delay = Bsin®

Baseline = B

Optical Path Length Wn.,.wmmwmwﬁwmw Spatial Resolution:
Compensation 0.5 \B

Resolution ~ 0.5 mas for 300 meter baseline in the H-band (1.6 um)
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Fringe Visibility

i

b

 Amplitude of fringes = Visibility

Point Source: V=1.0

— Resolved source: loss of coherence reduces

fringe visibility

- Measures the size and geometry of source
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1se3q - (W) A

e The visibility is the Fourier
Transform of the brightness
distribution

« Analytic functions for simple
geometries

 Berger & Segransan
“Introduction to visibility
modeling” 2007, New Ast Reyv,
51, 576
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Angular Diameters
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Elliptical Disk
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Elliptical Disk
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Surface Features
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Surface Features
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Binary Stars

Separated Fringe Packet Binaries

Ideal Formation of Separated Fringes
Effects of Changes in Separation and Magnitude
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Binary Stars

Visibility Modulation

Spatiol Frequency (cycles/arcsec)
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Fringe packets for the two
components overlap

Fringe visibility varies
periodically

- binary separation

Minimum in curve

- flux ratio = L
1+V

min
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Closure Phase

e Atmosphere corrupts phase
- iInformation at vis/IR wavelengths

y e Closure phase (3 or more
telescopes):

- CP = (D12+ CD23+ CD31

e Cancels atmospheric effects

e Point symmetric object will have
closure phase of 0° or 180°

Monnier, “Phases in

Interferometry” 2007, . : :
New Ast Rev. 51, 604 Measures asymmetries in source

distribution
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Visibility (S1-E1)
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Binary Stars

Closure Phase (S1-E1-W1)
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Differential Visibilities
and Phases

,:ow. N 5 wf | » Spectrally dispersed
0| W {5 = /T\ . Interferometry
0.6} J G J "MMHIPM . . .
"”"‘\-v-’ - emission lines (BrG, Ha)

0.4f § —20 ’ )
oz} B-seozm Pa-s02e® {5 _gof - velocity structure
ool bl _go Meilland et al, 2012
* Drop in visibility across emission line

— variation in size and flux ratio between star and disk

*S” shaped profile in differential phase
- photo-center shift across wavelength channels
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Interferometric Observables

 Visibility amplitude
— size and structure of source

e Closure phase

- asymmetries in source distribution
 Differential visibilities and phases

- emission lines

- velocity structure
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UV Coverage
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* Inteferometer baseline projected on to the plane of

the sky

* Position angle and projected baseline length will

change as the earth rotates
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Science Review:

Recent Results at the
CHARA Array
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« Stellar Astrophysics * Circumstellar Disks

— Stellar Diameters - Be Stars

- Rapid Rotation - Young Stellar Objects

- Spotted Stars e Transient Events
e Binary Stars - Nova Explosions

—  Orbits

- High Contrast Binaries

- Interacting Binaries
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Stellar Diameters

i o ‘
° e Empirical HRD
o)
21
e ~ 290 stars

¢ 3 e Ge < 5%

=2}
von Braun & Boyajian (2017)
4.3 .2 4.0 3.8 3.6 3.4

log T, (K)
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Fundamental Stellar

Parameters

Boyajian et al. 2012 E

« Angular diameter + parallax

Visibility
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Fundamental Stellar

Parameters

Boyajian et al. 2012 _

« Angular diameter + parallax
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Fundamental Stellar

Parameters

Boyajian et al. 2012 _

« Angular diameter + parallax

Visibility
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« Spectral Energy Distribution _____________ ; bt oo
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Ages of Stars

3.0
14+
1.2 22|
1.'07 20
0 08 - 0
] =S
< 06l 3 W= 1om,
= oal ~ osl| — 1.5M,
— 2.0M,
02t 001 — 2.:5Mm,
00l —05} — w=0.0
--- w=0.5
~92 7,05 400 3.95 390 385 380 375 370 365 0 405 400 3.95 390 3.85 380 3.75 370 3.65
logT ¢ logT g
« Diameters of 7 A-type stars in Ursa 261 ]
. . < [Mera
Major moving group 2k
« Compare with evolutionary models =% J—
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Ages of Stars

20 ,

: ¥ results + X results 4
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« Diameters of 18 bright exoplanet host stars and candidates

 Radius, mass, age estimates

« Typically, two distinct solutions (old and young age)

e Ligietal 2016
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Exoplanet Host Stars

* Physical parameters of
planets

- Mass, age

 Size of habitable zones

von Braun et al. 2014 ‘:'to observer
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Asteroseismology
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Asteroseismology
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Cepheids

Radial Velocity
P=54d
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Radial velocity and angular diameter variation of delta Cephei
measured over the pulsational phase (Merand et al. 2005)

Improve calibration of Baade-Wesselink technique for determining
pulsation parallaxes
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Merand et al. 2015

delta Cep (P~5.4d) p=1.288 d=274.0pc E(B-V}=0.032 K_.=0.025mag H_,=0.020mag

1.65
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pulsation phase
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Rapid Rotators

MIRC Observations of Rapid Rotators . O b I ate n eSS

e — e Gravity darkening

_ Teff~ gB

Regulus Rasalhague Altair Alderamin Bet Cas

Che et al. 2011 Zhao et al. 2009 Monnier et al. 2007 Zhao et al. 2009 Che et al. 2011

from recent review by Ming Zhao 2R
sun
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Rapid Rotators
MIRC Observations of Rapid Rotators . O blate neSS
e — e Gravity darkening
_ ~ P
Teff 9
- von Zeipel model: f =0.25
- empirically derived 3 = 0.19
0,:50j T
Regulus Rasalhague Altair Alderamin Bet Cas 0-25i — *
Che et al. 2011 Zhao et al. 2009 Monnier et al. 2007 Zhao et al. 2009 Che et al. 2011 0‘205 _
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from recent review by Ming Zhao 2R, ; \
0.10f
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" Che et al. (2011)
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Spotted Stars

Roettenbacher et al. (2016)

See more imaging
results in talk by
John Monnier
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Magnetically active star zeta
Andromedae

Direct confirmation of
persistent polar spot

Transient lower latitude spots

Can't be explained by solar
dynamo
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O-Star Triple

200

' Si'mon‘-Dia]z 20i5 ] s e L xS Ui dhmien Uns srde sl s ]
- E I Sig Ori Aa,Ab |
£ of 201384 '
: : 2013.81 i
: 7 2 =

Lé) [ 2013.86 §

gz e } o = ) —4:— 2012.7 %
%} by i
£ TR * |
TR ke s 5 R N iabed el

0.0 0.2 0.4 0.6 0.8 1.0 4 2 0 e - -6 = - - o A e

Phat ARA (mas) Right Ascension offset [mas]
Schaefer et al. 2016  Dynamical masses for 3 O-stars

MAa = 16.99 + 0.20 Mo e Distance to sigma Orionis cluster

(I;/Ié%;lg.flli?)O-lS Mo * |nner and outer orbits are not co-
=sof.ox l.spcC planar (120 — 127 deg)

o SO, A 3 >
&, , . 5 3 } ] : ) Observatoire UNIVERSITY OF
Ge01g1aStateUmvers1ty ;@g:’ | ) V(gtﬁg!!e LESIA A & - v N y (a Jdservatolr EXETER




CHARA Community Workshop

...
L=
-
=
=
=

b [ SO rrrr 1 r 111171 11 11 1 1 71]

I 52.51€1 52-51-E2 ; 21wz | s2-ELEZ | 52-E1-W2 .

£ A 1 af i [ i ]

= . F s 1% . = ] T .1 i IT Y1 s 1
b ) B 1 T % s oie] Taw =1 "Ea * 1 s . I ol
st | | 5 1 -5 ] =1 LR ) *I‘ r

f 1 i — 2t 1
—10f ~10 —10 | -10 | -1 é -

: E or 1
1o sagzwz| - sigigz] W sierwz | O seezwz| E1-E2-W2 P 2'

t T | 1 | ot ]
5 5 5 | { = I ] = L
| | ;'l ot I &4 'y 1 Y * [ ] "

= B 1 | L& i . —4F 8
= mall I ERE !f: af !l 143 o + 41 o a8 L

- E ¢ ] 1 ] | ] -

G S L ] ! | 1L 3 lf ' i3 Tage 5T N
s 5 3 (11 i -=f + 1 =1 =f . -

E [ I i 1 -8 r:«—] i

i ¥ =14 1 =05, Co 0o 0 v T

a 15 LG L7 8 6 4 2 0 -2 -4 -6 —8§

A} Aa(mas)

20.00

CANDID Software

I Cepheid V1334 Cyg
15.00 ° P — 5 yr

0.85 12.50

10.00

Ad (1nas)
Ad (mas)

10.80

« Companion contributes
I 3.1% of flux

5.00

0.75

** o« Gallenne et al. (2013,2015)

15 10 5 0 -5 -l0 -15
Aa (mas) Aa (mas)

15 10 5 Q =5

Qa) Observatoire Ny EER

\ T : . [/ 1
GeorglaSta;teUersegslty @ 'e V(‘Ecl‘%(jl‘lsr € LESIA




Rapidly rotating B-type stars that
eject gas Into a circumstellar disk

Evidence for the disks

CHARA Community Workshop

Be Stars

Rotationally broadened emission
lines

IR excess
Linear polarization

Spatially resolved through
interferometry

Variable on time-scales of days to
decades
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Be Stars

Ad (mas)
Ad (mas)

10 05 00 05 -1.0 10 05 00 05 -10
Aa (mas) Aa (mas)

Geometry and physical structure of disks Gies et al. (2007)
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Kinematic Model
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Binarity in Be Stars

Role of binarity in Be stars — past mass transfer events?

Milliarcseconds

Spun up secondary orbiting stripped down remnant
companion (neutron star, white dwarf, helium star)

High contrast at close separations

A 7T T, T 1 T T T T _ T T T T
- Astrometric orbit for phi Per el
- with MIRC image of disk |
- Companion contributes only .- ngé)ﬁé)gfﬁ
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Classical Nova

Material from close binary
companion accretes onto
surface of white dwarf

When pressure and
temperature of accreted
material reach a critcal level,
ignites in a thermonuclear
runaway

Expansion velocities of
500 — 3000 km/s
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Nova Delphini 2013
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 Asymmetric shape detected

Schaefer et al. 2014 as early as t = 2 days
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» EXciting science opportunities
- 146 refereed papers and counting

 AO + updated detectors + community input

 Many more years of productive science
programs in the future
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